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Bedford, MASS. 01730 
Dear Bruce: 
Atlanta. Georgia 30332 
September 14, 1982 
, f - '-/:./ T ' 
It was a pleasure to meet you last week and to become better 
acquainted with the Patriot radome program. I was impressed with what 
you have done and was gratified to see an application where slip-cast 
fused silica has satisfied an important radc~e need. 
I appreciate the chance to see what you have done in tracking down 
the source of a serious problem which has ha1ndicapped your efforts to 
develop a second source. However, I believe that as a result of your 
meeting we have begun to narrow down the apparent source of the problem 
to residual stress in the radome. Now if we can confinn that residual 
stress is the problem and identify the source of that stress there 
would be little difficulty in coming up with a solution. 
To follow up on my participation in the meeting I have enclosed 
my report su11111arizing my impressions of what occurred at the meeting 
and concluding with recommendations for additional work which should 
reveal any residual tensile stresses at the ·interior surface of failed 
radomes and hopefully identify the source _of those stresses. These 
efforts would concentrate studying failed radome parts containing 
the attachment ring and are based on George Quinn's observation that 
he noted a significant residual stress which was manifested by the 
tendency of the part to close when it was sa,~n through. After you 
have had a chance to look this over I would \~elcome any questions. 
comments or suggestions you might have. 
I wi 11 be on vacation during 18-26 Septe!mber, and wi 11 be in 




Jesse D. Walton, Jr. 
Energy & Materials Sciences 
laboratory 
AN £Gk.J4l f"-4P\.0Vllr1£"'--T •EOUCATIOf',l ~TU"'JTY. INSTITUTION 
Report: Summary and Recommendations Concerning PATRIOT Radome 2nd Source 
Qualification Test and Evaluation Efforts 
~: J. D. Walton, 'Jr. 
Date: 14 September 1982 
Reference: Contract No. 1996 
I. INTRODUCTION 
During 8 and 9 September 1982 a briefing was held at Raytheon to review 
efforts to qualify a second source of Patriot radome billets. This meeting 
covered (1) Radome Design and Loads, (2) Qualification Requirements, (3) 
Brunswick Qualification Summary, (4) Harbison·-Walker Qualification Surrrnary, 
and (5) Failure Analyses, Data Su11111aries. Tht~ meeting concentrated on the 
failure of three Harbison-Walker radomes to mE~et the specified failure bending 
load at a temperature of -30°F. 
Physical and mechanical property data we!re reviewed which indicated 
that there was no apparent difference between the basic sintered fused silica 
provided by the two vendors. This led to a discussion of the different pro-
cesses used in forming, firing and machining the billets and identification 
of possible sources of residual stresses in the Harbison-Walker billets which 
might be responsible for the premature failure at -30°F. 
II. SUMMARY 
As part of the qualification process, finished test radomes are subjected 
to a mechanical bending test to simulate maneuvering. Test radomes are tested 
to failure at room temperature, 130°F and -30°F. Under all three conditions 
the radome failure load must exceed 1.25 times the maximum worst-case maneuver-
ing load. Up to the present time only three Harbison-Walker radomes have 
qualified, two at room temperature and one at +"130°F. Of three radomes tested 
at -30°F only one reached 100 percent of the design load, the other two reached 
only 65 and 95 percent. The primary purpose of this meeting was to review all 
of the supporting test data and try to detennine why these radomes failed, and 
what differences there might be between the Brunswick billets (all of which 
passed) and the Harbison-Walker billets. 
Review of all of the.mechanical property data. obtained from test samples 
machined from the various Brunswicl and Harbison-Walker radome billets, as well 
as fi-nished, failed radomes, indi(ated that there was no 'apparent diff~rence in 
the basic material supplied by the two vendors. Detailed review of the test 
procedure and equipment used turn~ up no significant difference between the 
tests conducted on the Brunswick dmnes (carried out some years ago) and tests 
conducted on the Harbision-Walker tomes during the past two years. 
After eliminating the basic material and the test conditions as the 
source of the problem, attention as turned to differences in the processing 
and initial grinding of the billets. Harbison-Walker fonns their fused 
silica shape by the electrophoreti~ deposition of fused silica particles (in a 
slip-like suspension) onto a graphite maDdrel. After the desired thickness is 
reached (about 1 inch) the mandrel is withdra11'/n from the slip and the casting 
is removed from the mandrel almost immediately. The principal advantages of 
the Harbison-Walker casting are: (1) it can be dried in a very short time, 
about one day, and (2) it has a very high green (unfired) strength; so high in 
fact that Raytheon at one time coasidered machining the unfired radome blank. 
After firing, the surface of the rildome is sanded to remove the hard shell. 
The billet is then impregnated with GE SR-80 resin, cured and shipped to 
Raytheon. 
The Brunswick billet is slip-cast in a p"laster mold in the classical 
manner. However, Because of the tJt,i ckness of the casting a very 1 ong dry'i ng 
cycle is required. It is dried about one week in the mold, then another week 
under contra 11 ed humidity condi tiora:s and finally under forced drying conditions 
for another week. After fir·ing, Brunswick then grinds off excess internal and 
external material, about 0.100 to 0.200 inches, impregnates with SR-80 resin, 
cures and sends to Raytheon. All ~achining carried out by Raytheon on Brunswick 
or Harbison-Walker billets is on impregnated material. 
In addition to these processing differenct~s, the design of the attachment 
area of the two billets is different. Since thE~ internal dimensions of the 
Harbison-Walker billet are detennined by the mandrel on which it is fanned, it 
can be cast with internal dimensions near the net value. Therefore, to reduce 
the amount of machining required in the attachment area, the graphite mandrel 
was constructed so that it flared outward about 10° at that point. This pro-
vided an as-cast taper in the attachment area which matched that of the 
attachment ring. This modification resulted in a billet on which most of the 
grinding was done on the outside, a much simpler operation than grinding the 
inside. 
Prior data had shown that the strength of test coupons increased as the 
distance from the inside surface of the billet increased. This appeared to be 
due to the increasing cristobalite content w.ith increasing distance from the 
surface. Typically the cristobalite content r·eached a constant low value of 
about 1/2 - 3/4% at a distance of about 15-20 mils from the surface. The 
strength likewise reached a constant high value as the tensile surface of the 
flexural specimen reached a distance of the same order of magnitude f.rom the 
as-cast surface. 
With this information we began to consider whether or not residual 
stresses might be the source of the problem in the Harbison-Walker billet, 
what processing/material parameters might be responsible for these stresses 
and why these stresses are not present, or are not a problem in the case of 
the Brunswick billet. 
Two sources of residual stresses were considered: (1) cristobalite and 
(2) increase in fine particle concentration at the surface in question. In 
both cases the maximum tensile stress would be on the inside of the radome in 
the area of the attachment ring. 
Examination of scanning electron micrographs of fractured surfaces sug-
gested that the Harbison-Walker product was a finer grain size material than 
the Brunswick material. However, mocrograpbs were not made across the entire 
section to determine whether or not there was an increase in the concentration 
of fine particles near the interior surface of the billet. Based on strength 
data mentioned earlier, the strength of the Harbison-Walker material decreased 
with increasing proximity to the inner surface. Therefore if insufficient 
material is removed (less than 0.030 inches) in machining the attachment area 
of the Harbision-Walker billet it would be expected that the interior surface 
. would be weaker than the bulk material and that residual stresses could result 
because of the presence of cristobalite. If the fine particle concentration 
is also found to increase near the inner surface additional residual stresses 
would be expected as a result of differential shrinkage of that area during 
sintering. 
Although a number of modifications to the Harbison-Walker process were 
suggested as a fix to eliminate the residual stress-problem, if that is the 
problem, they all involved considerable modification of the machining facili-
ties at Raytheon or at ~arbison-Walker and would be considered only as a last 
resort. Therefore the next step suggested was to detenmine the ovality of the 
Harbison-Walker billets to establish whether or not there was sufficient mate-
rial to assure the removal of at least 0.030. inches of material at all stations 
in the attachment area. Concurrently, the microscopic examination would be 
made of all failed radomes to detenmine the concentration of fine particles in 
the interior and near the exterior surface. 
All parties will review the material covered in this meeting and submit 
additional questions or comments. Based on the results of these efforts a 
follow-up meeting will be considered at the end of September. 
III. CONCLUSIONS 
1. The basic sintered fused silica material produced by Harbison-Walker 
is essentially the same as that produced by Brunswick with respect to fracture 
toughness, temperature dependency on strength, strain rate, static fatigue, 
·sample oreientation, surface finish and acceptance samples. 
2. The Brunswick material is typically stronger than the Harbison-Walker 
material, although both are well within design specification. 
3. Photomicrographs suggested that the particle size of the Harbison-
WalRer material is typically smaller than the Brunswick material. 
4. The Harbison-Walker material contains voids which are not present in 
the Brunswick material, but these voids were not found to affect the strength 
of the material. 
5. The processes used for forming the fused silica radome blanks are 
basically different. The Brunswick radome is formed in a female plaster mold 
by classical slip-casting. The Harbison-Walker is formed on a male 
graphite mold by electrophoresis. 
6. Due to the forming process used, a minimum of material is removed 
from the interior of the attachment area of the Harbison-Walker billet. 
7. Flexural tests of coupons cut from the attachment area show a decrease 
in strength as the tensile surface of the coupon approaches the as-cast surface 
of the billet. 
B. Available test data and analysis suggest that the cause of the pre-
mature failure of the Harbison-Walker radome at -30oF may be due to residual 
tensile stress at the interior surface in the attachment area. 
9. Residual tensile stresses on the interior surface may be due to 
excessive cristobalite and/or an excess of fine particles with respect to the 
interior and exterior of the radome. 
10. Residual tensile stresses were evidenced in the failed part as mani-
fested by the tendency of the attachment ring/radome base to close when it was 
cut through during examination of the failed at~ea {AMMRC/George Quinn letter 
of 17 August 1982). 
IV. RECOMMENDATIONS 
Based on the results of the briefing at Raytheon and on a subsequent 
review of the correspondence related to the failure of the Harbison-Walker 
domes at -30°F, and the conclusions reached, the following additional work 
is recommended. The results of this effort should aid in determining whether 
or not excessive residual tensile stresses are present at interior surfaces 
of the failed Harbison-Walker radome and suggest the source of such stresses. 
1. Conduct microscopic examination across the entire cross section of 
the failed area of Hw 36-104 and 109 to determine homogenity of particle dis-
tribution. Concentration of fine particles -at the interior surface relative 
to exterior surface would contribute to development of tensile stresses at 
the interior surface. 
2. Measure or estimate the amount of closure which resulted from 
cutting through the attachment ring area of the failed part of Patriot Radome 
HW 36-104. The same should be done for the 36-109. (This assumes that the 
remaining ceramic is undamaged except for the saw cut.) 
3. An attachment ring part from a failed Brunswick radome which passed 
the -30°F test should be sawn through and the deg1ree of closure (opening) 
measured. 
4. If possible remo~e the attachment ring from the failed Harbison-
Walker radome and determine effect on saw-cut opening/closing. 
5. Radome part from 4 should be subjected to -30°F to determine 
effect of temperature on dimension of saw cut. Repeat at 130°F. 
6. Using test temperature of -30°F, ~ep1~at test to determine strength 
variation near casting surface (Memo EAM 81-06!>, 18 February 1981). 
